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(57) A system combines LAN and telecommuni- 
cation capabilibes to provide a high speed wire- 
less LAN capability and to simultaneously 
provide wireless ISDN capability within an of- 
fice. The LAN and ISDN information is com- 
municated over a common transmission 
medium. The system also allows a user to inter- 
connect wireless ISDN digital terminals 
(109,110) to any other ISDN equipment any- 
where in a PBX switch system or the public 
network (130). The system provides for com- 
munication of information between wireless 
LAN units (111,112,113) and ISDN equipment 
(109,110). For example, this function allows a 
local computer (112) using a local LAN interface 
to communicate with a remote computer (131) 
via ISDN switching facilities (130). Further, the 
expense of hiding unsightly wiring in an office 
environment can be avoided, and the cost of 
moves and rearrangements of equipment can 
be greatly minimized. 
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Technical Field 

This invention relates to communicating informa- 
tion and, in particular, to communicating telecommu- 
nication and computer data by utilizing a radio fre- 
quency or light transmission spectrum. 

Background of the Invention 

In toda/s office, proliferation of many different 
types of telecommunications and computer-related 
equipment has created a number of problems. For ex- 
ample, computers and computer-related equipment 
(such as printers, data terminals, and file servers) are 
often interconnected by direct wiring or local area net- 
works (LANs). Such LANs may use either wire or 
wireless communication paths. On the other hand, tel- 
ecommunication equipment is also interconnected to 
telecommunication switching systems such as central 
offices or private branch exchanges (PBXs) by wire 
or wireless techniques. Prior art wireless telecommu- 
nication arrangements (such as cordless or cellular 
telephones) suffer from a problem of insufficient com- 
munication spectrum to accommodate the amount of 
telecommunication equipment used in a modem busi- 
ness site having a large number of private and group 
offices. Further, the prior art LAN and telecommuni- 
cation systems are separate and distinct Within the 
same office, this often results in having one data ter- 
minal connected to the LAN system and another data 
terminal (that is of the same type as the one connect- 
ed to the LAN system) connected to the telecommu- 
nication system. The other terminal provides access 
to a remote computer system; whereas, the data ter- 
minal attached to the LAN is providing access to local 
equipment. With the advent of ISDN, telecommunica- 
tion systems have increased data switching capacity 
for remote connection use and have better service ca- 
pabilities. The result is that the use of two distinct 
transport systems within an office has become less 
acceptable because of increasing use of ISDN facili- 
ties to communicate data over large distances with 
data destined for equipment interconnected to a LAN. 

A second problem is the large amount of cabling 
needed to interconnect equipment to these two trans- 
port systems within a private office. The cabling is ex- 
pensive to install initially and to change during subse- 
quent relocation of equipment within the once. Fur- 
ther, such cabling is unsightly and unacceptable in 
many office environments. 

Summary of the Invention 

The forementioned problems are solved and a 
technical advance is achieved in the art by an appa- 
ratus and method that simultaneously provide a high 
speed wireless LAN capability and a wireless ISDN 
capability within a group or private once. The inven- 



tion allows the wireless telecommunication units to be 
interconnected to remote ISDN equipment via a PBX 
switching system or the public telephone network. Ad- 
vantageously, the invention also provides for commu- 

5 nication of information between the wireless LAN 
units and the remote ISDN equipment. This allows a 
local computer functioning as a wireless LAN unit to 
communicate with a remote computer interconnected 
to the public telephone network via ISDN facilities. 

w Further, the expense of hiding unsightly wiring in 
an office environment is avoided, and the cost of 
moves and rearrangements of equipment are greatly 
minimized. Furthermore, the present invention makes 
it possible to reuse radio frequency or photonic band- 

15 width repeatly because of the relatively small areas 
(such as a group or private office) serviced by each 
apparatus so that the maximum use is made of such 
bandwidth. 

In an illustrative embodiment, the apparatus corrv 

20 prises a cell controller in each once, an ISDN inter- 
face in each telecommunication unit, and a LAN inter- 
face in each LAN unit The ISDN and LAN interfaces 
allow the telecommunication and LAN units, respec- 
tively, to communicate by means of time division mul- 

25 tiplexing utilizing a framing technique on a wireless 
medium. The LAN interfaces use only a portion of 
each frame to establish the required signaling and 
data transfer for a LAN system in order to communi- 
cate with each other using a LAN protocol. The re- 

30 mainder of each frame is allocated to time slots for im- 
plementing ISDN channels of an ISDN protocol. Each 
ISDN channel uses two time slots-one for receiving 
and one for transmitting data by the ISDN interfaces. 
Using information communicated by the time slots, 

35 the cell controller interconnects the telecommunica- 
tion units to a telecommunication switching system 
such as a PBX or the public telephone network using 
the ISDN protocol. In addition, the cell controller de- 
termines which LAN units are to communicate with 

40 the telecommunication switching system, converts 
LAN protocol defined data from the determined LAN 
units to ISDN protocol defined data for transmission 
to the telecommunication switching system, and con- 
verts ISDN protocol defined data from the telecom- 

45 munication switching system to LAN protocol defined 
data for transmission to the the determined LAN units. 

Other and further aspects of the present invention 
will become apparent during the course of the follow- 
ing description and by reference to the accompanying 

so drawing. 

Brief Description of the Drawing 

FIG. 1 illustrates, in block diagram form, a system 
55 embodying the inventive concept; 

FIG. 2 illustrates, in greater detail, the cell control- 
ler of FIG. 1 

FIG. 3 illustrates, in greater detail, a computer or 
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telecommunication unit in accordance with the in- 
ventive concept; and 

FIG. 4 illustrates a wireless frame in accordance 
with the inventive concept. 

5 

Detailed Description 

In the preferred embodiment of the present inven- 
tion, the telecommunication and computer equipment 
is terminated using cell controllers such as cell con- w 
troller 100 of FIG. 1 in each private office. Cell con- 
troller 100 is connected to telecommunication system 
1 30 using the ISDN protocol via link 114 which maybe 
either a metallic cable or an optical fiber. Cell control- 
ler 100 communicates with units 109 through 113 us- 15 
ing a photonic medium. Information is transmitted us- 
ing a time division multiplexing in which all data is 
transmitted utilizing a framing technique. Henceforth, 
the frame is referred to as a wireless frame because 
it is communicated in a wireless manner. As will be 20 
discussed with respect to MG. 4, the wireless frame 
is divided into time slots for transmitting ISDN protocol 
defined data with the remainder of the wireless frame 
being reserved for LAN protocol defined data. 

Telephone set 109 and FAX 110 (telecommunica- 25 
tion units) communicate voice and data information 
with telecommunication system 130 using the ISDN 
protocol. Computer 112, file server 113, and printer 
111 (computer units) communicate data information 
among themselves using a LAN protocol. The LAN 30 
protocol is a carrier sensed multiple access with col- 
lision detection (CSMA/CD) protocol similar to the 
commonly used Ethernet protocol. However, the LAN 
protocol may advantageously be a token ring proto- 
col, orany of the commonly used LAN protocols which 35 
provide fast access to the entire bandwidth of the 
LAN. In addition, units 111,112, and 113 can commu- 
nicate data information with remote computer 131 by 
cell controller 100 converting the LAN protocol to the 
ISDN protocol for communication via telecommunica- 40 
tion system 130. Advantageously, it is possible for a 
unit to terminate both ISDN and LAN protocols. For 
example, computer 112 could terminate the ISDN pro- 
tocol to allow computer 112 conventional access to a 
commercial database via telecommunication system 45 
1 30 as well as access to the other computer units via 
the wireless LAN. 

As illustrated in FIG. 1, link 114 is terminated by 
the ISDN termination 1 01 . ISDN termination 1 01 is an 
ISDN basic rate interface (BRI) and interconnects cell so 
controller 100 to telecommunication system 130. Link 
114 is a BRI link, that communicates a bidirectional 
message-based signaling channel (D channel) for call 
control plus two bidirectional 64 kbps data channels 
(B channels) for voice or data transmission. Advanta- 55 
geously, ISDN termination 101 may also be an ISDN 
primary rate interface (PRI). 

ISDN channel control 102 provides overall control 



of communication with telecommunication system 
1 30 using D channel signaling. This communication is 
performed using the ISDN protocol and involves con- 
trol of ISDN data or voice communication with tele- 
communication system 1 30 and direct control of ISDN 
channel formatter 103 and LAN control 104 for per- 
forming the conversion of ISDN protocol data to LAN 
protocol data and vice versa. With respect to D chan- 
nel signaling messages received from telecommuni- 
cation system 130, the D channel is separated from 
the B channels by ISDN termination 1 01 , and D chan- 
nel is sent over bidirectional path 115 to the ISDN 
channel control 102. ISDN channel control 102 can 
terminate the ISDN D channel signaling messages for 
controlling the B channels, can send the messages to 
the telecommunication units units unaltered for con- 
trol of those units, or can use the messages to control 
ISDN channel control 102 and LAN control 104. 

With respect to ISDN protocol data received from 
telecommunication system 130 in B channels, ISDN 
termination 101 transfers this data to the ISDN chan- 
nel formatter 103 via bidirectional path 125. Under 
control of ISDN channel controller 102, formatter 103 
routes the B channels via bidirectional path 120 to 
wireless protocol formatter 105 for insertion into the 
ISDN protocol time slots or routes the B channels via 
bidirectional path 1 1 7 to LAN control 1 04 for insertion 
into the LAN portion of a wireless frame. 

With respect to ISDN protocol data transmitted to 
telecommunication system 130, ISDN channel for- 
matter 103 receives the data in ISDN form via B chan- 
nels from the telecommunication units via wireless 
protocol formatter 105 and path 120 or in LAN mes- 
sage form from LAN control 104 via path 117. If data 
is selected by ISDN channel control 102 for transmis- 
sion via link 114 to telecommunication system 130, 
ISDN channel formatter 103 relays the received data 
in B channel form to ISDN termination 101. With re- 
spect to data from LAN control 1 04, ISDN channel for- 
matter 103 formats this data into B channel form. The 
data received from LAN control 104 was received as 
LAN protocol defined data by LAN control 104. 

Consider now in greater detail, the operation of 
LAN control 104 as illustrated in FIG. 1. Under control 
of ISDN channel control 102, LAN control 104 re- 
ceives data from ISDN channel formatter 103, con- 
verts this data into LAN protocol defined data, and 
transmits this data via path 121 to wireless protocol 
formatter 105. LAN control 104 also receives LAN 
protocol defined data from wireless protocol formatter 
105 and transmits this data via bidirectional path 117 
to the ISDN channel formatter 103 for subsequent 
transmission to telecommunication system 130 as 
ISDN protocol data. To perform this function, LAN 
control 104 examines the addresses of all messages 
in the LAN portion of each wireless frame to deter- 
mine which messages should be removed from the 
LAN for transmission to the ISDN channel formatter 
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103. The addresses are communicated from telecom- 
munications system 130 by means of the ISDN D 
channel to ISDN channel control 102 which transfers 
them to LAN control 104. LAN control 104 also exam- 
ines the addresses of all messages given to it by ISDN 
channel control 102 to verify that they are appro- 
priately addressed for one of computer units 109 
through 113. 

The purpose of wireless protocol formatter 105 is 
to format the ISDN B channels, ISDN D channel, and 
the LAN data into a wireless frame to be communicat- 
ed in a bidirectional sense with the units 109 through 
113. The details of this wireless frame are described 
in detail with respect to FIG. 4. The formatted data is 
transmitted to wireless transceiver 106 over bidirec- 
tional path 122. 

Wireless transceiver 106 is designed to receive 
signals from the photo detector 1 07 over path 124 and 
appropriately amplify and digitize the signals. Photo 
detector is converting optical signals to electrical sig- 
nals. Similarly, wireless transceiver 1 06 must amplify 
and place signals into the appropriate electrical form 
to drive laser 108 via path 123 to generate optical sig- 
nals. Alight emitting diode could also be used in place 
of laser 108. Further, a radio frequency receiver and 
transmitter could advantageously be used in place of 
elements 1 07 and 1 08, respectively. 

FIG. 2 illustrates, in greater detail, ISDN channel 
control 102, ISDN channel formatter 103 and LAN 
control 104. ISDN channel control 102 receives and 
transmits control messages with telecommunication 
system 130 over a D channel via path 115 by means 
of buses 231 and 232 as illustrated in FIG. 2. Control 
messages from the D channel are stored in message 
buffer 201 until microprocessor 203 can process 
them, at which time they are communicated to micro- 
processor 203 via bus 219. Microprocessor 203 is 
programmed to interpret these messages as being di- 
rected to itself, to pass these control messages on to 
the telecommunication units transparently, or to use 
these control messages to control the operation of 
ISDN channel formatter 1 03 and LAN control 1 04. Mi- 
croprocessor 203 sends D channel messages to tel- 
ecommunication system 130 via bus 220 to message 
buffer 202 which subsequently sends the messages 
to ISDN termination 101 of FIG. 1 via bus 232 of path 
115. Similarly, D channel messages from telecommu- 
nication units 109 and 110 are received by micropro- 
cessor 203 via bus 222, and message buffer 205. 
These D channel messages are received from the tel- 
ecommunication units 109 and 110 via photo detector 
107, the wireless transceiver 106, and the wireless 
protocol formatter 105. 

With respect to D channel messages received by 
microprocessor 203 from telecommunication system 
130 for transfer to telecommunication units 109 and 
110, these D channel messages are transmitted by 
microprocessor 203 over path 221 to message buffer 



204 which communicates them to the wireless proto- 
col formatter 105 over conductor 237 of cable 119. 
These messages are subsequently communicated to 
telecommunication units 109 Through 110 by means 

5 of the wireless transceiver 1 06 and laser 1 02. 

Microprocessor 203 is also connected to ISDN 
channel formatter 103 via bus 118 and LAN control 
1 04 via bus 1 1 6. Microprocessor 203 controls the flow 
of information communicated between ISDN termina- 

10 tor 101, ISDN channel formatter 103 and LAN control 
1 04. As described in greater detail with respect to FIG. 
4, each ISDN channel has assigned to it a pair of 
times slots in the ISDN portion of wireless frame. One 
time slot is used to transmit information from cell con- 

15 trailer 100 to telecommunication units 109 and 110, 
and the another time slot is used to transmit informa- 
tion to cell controller 100 from telecommunication 
units 109 and 110. In controlling ISDN channel for- 
matter 103, microprocessor 203 selects each ISDN B 

20 channel to be sent to telecommunication system 130 
by selecting a ISDN time slot from a telecommunica- 
tion unit received via buses 241 and 242 as a source 
or by selecting a LAN message received via buffers 
214 and 215 as a source. Microprocessor 203 con- 

25 trols the selection by transmitting the required control 
information to source selectors 212 and 213 over bus 
118. Similarly, microprocessor 103 must select 
whether the the ISDN B channel information received 
from telecommunication system 130 is routed to the 

30 units by means of the B channel time slots in the wire- 
less frame or by means of the LAN portion of the wire- 
less frame. Microprocessor 1 03 controls this selection 
by sending the appropriate control signals over path 
118 to the destination routers 210 and 211 of ISDN 

35 channel formatter 103. 

With respect to ISDN channel formatter 103, the 
latter formatter receives B channel information from 
the ISDN termination 101 over buses 233 and 234 of 
path 125. This information is temporarily stored in B 

40 channel buffers 206 and 207. One B channel buffer 
is required for each B channel received from telecom- 
munication system 1 30, so that for a BRI interface two 
such buffers are required for each diction of commu- 
nication. For information transmitted to telecommuni- 

45 cation system 130, buffers 208 and 209 are used to 
buffer information and are interconnected to ISDN 
termination 101 by means of buses 235 and 236 of 
path 125. 

Within ISDN channel formatter 103, buffers 214 
so and 215 buffer messages to and from LAN control 
104. Buffer 214 receives complete messages over 
path 117 from the LAN control 104 and dispenses 
them via path 227 to source selectors 21 3 and 21 2 for 
synchronization with the B channels of BRI link 114. 
55 Similarly, buffer 21 5 takes messages in synchronous 
byte form via path 228 from destination routers 210 
and 211 and sends the information as high speed con- 
tinuous messages to LAN control 104. The B channel 
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information intended for the ISDN time slots of the 
wireless frame is communicated to the wireless pro- 
tocol formatter 105 over buses 239 and 240 of path 
120. Similarly, the ISDN time slot information coming 
from the B channel time slots of the wireless frame is s 
communicated to ISDN channel formatter 103 from 
wireless protocol formatter 105 via buses 241 and 
242 of cable 120. 

Turning now to LAN control 104, the latter control 
functions as another computer unit with respect to the 10 
LAN portion of the wireless frame. Note that informa- 
tion communicated using the LAN protocol between 
computer units 111, 112, and 113 is not controlled by 
LAN control 104. Further, LAN control 104 converts 
ISDN protocol information to and from the LAN proto- 15 
col information. LAN protocol interface 216 commu- 
nicates the LAN protocol messages over path 121 
with wireless protocol formatter 105 of FIG. 1. These 
are messages communicated between LAN control 
104 and the computer units. To communicate LAN 20 
messages to ISDN B channels, LAN protocol inter- 
face 216 transmits messages to address recognizer 
217 over path 229. Using addresses received from 
ISDN channel control 102, address recognizer 217 
determines if a message has an appropriate address 25 
to be placed in one of the B channels of link 114. If the 
determination is yes, address recognizer 217 subse- 
quently transmits the entire message to buffer 214 of 
the ISDN channel formatter 103 over bus 243. Alter- 
natively, if address recognizer 217 determines that 30 
the message does not have the appropriate address 
to be placed on one of the B channels of path 114, ad- 
dress recognizer 217 does not communicate the mes- 
sage to message buffer 214. 

Similarly, address verifier 218 receives messag- 35 
es from B channels via buffer 21 5 over bus 244 of path 
117 from ISDN channel formatter 103. Address veri- 
fier 21 8 transmits the messages having valid comput- 
er unit addresses via path 230 to LAN protocol inter- 
face 216. Messages not having valid computer unit 40 
addresses are destroyed and not transmitted to LAN 
protocol interface 216. 

Unit 320, which is illustrated in FIG. 3, is a com- 
bined telecommunication and computer unit and has 
the capabilities to communicate information using 45 
either the ISDN or LAN protocol. It would be obvious 
to one skilled in the art to modify FIG. 3 to provide only 
ISDN or LAN protocol capabilities. Unit 320 receives 
information from cell controller 100 by photo detector 
301 detecting the wireless frames. This information is so 
delivered over conductor 309 to wireless transceiver 
303 where information is amplified and converted to 
digital form. Unit 320 transmits information to cell con- 
troller 100 by laser 302 transmitting the information as 
a wireless frame. 55 

Wireless transceiver 303 separates the D chan- 
nel control information received via path 309 from the 
B channel information and extends the D channel in- 



formation to unit controller 304 over bus 318. Wireless 
transceiver 1 06 also extends the separated B channel 
information to wireless protocol formatter 305 via path 
311. Unit controller 304, wireless protocol formatter 
305, and LAN control 306 are substantially similar to 
ISDN channel controller 102, ISDN channel formatter 
103, and LAN control 104, respectively. B channel 
registers 307 buffer the B channel information going 
to and from specific terminal equipment 308 via path 
317. Similarly, control is passed between specific ter- 
minal equipment 308 and the unit controller 304 over 
path 315, and the LAN data is passed between spe- 
cific terminal equipment 308 and LAN control 306 
over path 318. 

Whereas, unit 320 is equipped to handle both B 
channel information and LAN information, a cost re- 
duction can be accomplished by eliminating unneed- 
ed portions of unit 320. For example, telephone set 

109 does not need the LAN control portion, and prin- 
ter 111 does not need the B channel capability illu- 
strated in FIG. 3. 

The wireless frame is shown in FIG. 4. Cell con- 
troller 100 is responsible for creating the wireless 
frame and communicating the wireless frame to all 
units associated with cell controller 100. Cell control- 
ler 100 and units 109 through 113 determine when it 
is possible to receive information or to transmit infor- 
mation during a wireless frame. The first element of 
the wireless frame is the start of frame pattern 401. 
This is a frame synchronization bit pattern whose de- 
sign is well shown in the art. Next, time slots 402 and 
403 are 1 6 kbps time slots and are used for D channel 
signaling. Time slot 402 is used for signaling in the di- 
rection of the cell controller 100 from units 109 and 
110, and time slot 403 is used for signaling in the di- 
rection of the units 109 and 110 from cell controller 
100. Time slots 404 through 407 are 64 kbps ISDN B 
channels. B channels time slots 404 and 405 are used 
to transmit data to telecommunication units 109 and 

1 1 0 from cell controller 1 00. B channels time slots 406 
and 405 are used to communicate information to the 
cell controller 100 from the units 109 and 110. 

LAN time slot 408 is used to transmit the LAN in- 
formation. By using the contention scheme, LAN con- 
trol 104 and units 111 through 113 contend for the 
bandwidth and utilize the bandwidth according to the 
rules of the contention scheme. The capacity of LAN 
time 408 is typically significantly greater than the ca- 
pacity of the ISDN time slots. This allows the more ex- 
pensive computer units to transmit at high rates and 
the less expensive telecommunication units to trans- 
mit at lower rates for cost and performance optimiza- 
tion. After LAN time 408, the wireless frame is repeat- 
ed. 

In the present embodiment as illustrated in FIG. 
4, time slots 402 through 408 are fixed with respect 
to position and duration. It would be obvious to those 
skilled in the art that LAN time slot 408 and ISDN time 
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slots 402-407 could be interchanged. Further, those 
skilled in the art could devise the necessary circuitry 
(using the teachings of U.S. Patent 4,731,785) such 
that if not all the ISDN channels were active, LAN time 
slot 408 could be increased in duration since some of 5 
time slots 402 through 407 would not be active. 

Additionally, the circuitry disclosed herein is, of 
course, merely illustrative. Indeed, although the vari- 
ous functional blocks disclosed herein are depicted as 
discrete circuitries, those various functions could be 10 
carried out using one or more programmed proces- 
sors or digital signal processing (DSP) chips. 

Those skilled in the art will recognize that the 
present invention could be implemented using code 
division multiple access (CDMA) or frequency division is 
multiple access (FDMA) techniques without violating 
the principles of the present invention. In addition, 
those skilled in the art would also recognize that the 
invention could be implemented using other telecom- 
munication protocols including telecommunication 20 
protocols similar to the ISDN standards but not con- 
forming to the ISDN standards as defined by telecom- 
munication standards organizations. 

25 

Claims 

1. An apparatus for simultaneously supporting com- 
munication among telecommunication units re- 
sponsive to a telecommunication protocol and 30 
other units responsive to another protocol, com- 
prising: 

means in each of said telecommunication 
units for communicating telecommunication-pro- 
tocol-define data in a portion of one of a plurality 35 
of frames communicated via a wireless medium; 
and 

means in each of said other units for com- 
municating other-protocol-defined data in an- 
other portion of said one of said plurality of 40 
frames. 



4. The apparatus of claim 2 wherein said portion of 
said one of said plurality of frames comprises two 
time slots for each telecommunication protocol 
channel used by said telecommunication units. 

5. The apparatus of claim 4 wherein said other por- 
tion of said one of said plurality of frames provides 
both data and control signaling for said other units 
in accordance with said other protocol. 

6. A method for simultaneously supporting commu- 
nication of a telecommunication switching system 
with telecommunication units responsive to a tel- 
ecommunication protocol and other units respon- 
sive to another protocol, said method comprising 
the steps of: 

communicating information with said tele- 
communication units and said other units via a 
wireless medium; 

determining data of said information to be 
communicated with said telecommunication 
switching system; and 

communicating said determined data with 
said telecommunication switching system. 

7. The method of claim 6 wherein said step of com- 
municating said determined data comprises the 
step of converting said other-protocol-defined 
determined data to telecommunication-protocol- 
defined data for communication with said tele- 
communication switching system. 

8. The apparatus of claim 5 or the method of claim 
7 wherein said wireless medium is a photonic 
transmission medium. 

9. The apparatus of claim 5 or the method of claim 
7 wherein said wireless medium is a radio trans- 
mission medium. 



2. The apparatus of claim 1 further comprising 
means for determining said telecommunication 
and said other- protocol-defined data to be com- 45 
municated with a telecommunication switching 
system; and 

means for communicating the determined 
data with said telecommunication switching sys- 
tem. 50 



3. The apparatus of claim 2 wherein said means for 
communicating said determined data comprises 
means for converting said determined other- 
protocol-defined data to telecommunication-pro- 55 
tocol-defined data for communication with said 
telecommunication switching system. 
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